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EARTH-PHYSICS DATA-MANAGEMENT STUDY 
Final  Report  
1 a INTRODUCTION, THE CONCEPT OF AN EARTH-PHYSICS 
INFORMA TION - MANAGEMENT SE RVIC E 
Space techniques provide powerful methods to m e a s u r e  physical quanti- 
t ies  involved in the phenomena of the ea r th  as a mechanical sys t em (Kaula, 
1970). 
ear th-physics  program within the national space effort. 
recognizes that mechanical propert ies  and processes  of the ea r th  a r e  a signi- 
ficant element i n  a comprehensive description and understanding of the 
environment in which m a n  must  live. 
Results to date and the promise of future advances justify a vigorous 
Such a program 
Studies such as that at Williams College during the s u m m e r  of 1969 have 
discussed the instrumentation and procedures  that will generate a broad 
spec t rum of new information about the ea r th  (Kaula, 1970). 
has been directed to the problems associated with organization, access i -  
bility, and application of the information generated.  This study addresses  
some aspects  of da t a - ido rma t ion  management f o r  an  earth-physics program. 
Less  attention 
The information-management concept envisioned he re  would usually not 
be concerned with p r imary  observational data. These data would presumably 
be handled by appropriate  data banks, following cu r ren t  practice.  The World 
Data Centers  that have evolved f r o m  ICY and IQSY activit ies are examples of 
such existing capabili t ies,  F o r  the United States, the National Space Science 
Data Center  (NSSDC) at Goddard Space Flight Center  (GSFC) is another example 
Similarly,  the many specialized scientific groups that employ the p r imary  
observations to der ive fundamental earth-physics resul ts  would be expected to 
1 
continue the i r  necessary  roles .  They would publish o r  otherwise make available 
the resultant information in  their  p refer red  medium. The International Po la r  
Motion Service (IPMS), the Bureau Internationale de 1'Heure (BIH), and the United 
States Naval Observatory (USNO) a r e  examples of organizations of this type. 
F r o m  such pr imary  sources ,  the information-management activity con- 
s idered  he re  would assemble  and t ranscr ibe  i n  computer-accessible f o r m  
an  appropriate selection of information to support  an earth-physics applica- 
tions program. F o r  convenience i n  this report ,  the name Earth-Physics  
Information-Management Service (EPIMS) will denote this activity. 
The available information about the earth, par t icular ly  that generated 
by space  techniques, has  by 1970 become ve ry  detailed. The involved f o r -  
malism required to represent  such detail  dictates that many applications of 
this  information must  utilize a sizable computer. 
because the fundamental information in  a lmost  all instances has  been achieved 
This is to be expected 
by sophisticated computer operations. 
t he re  is some efficient technique, s t i l l  utilizing computer methods, that  can 
be used to manage the accumulated information and make it conveniently 
available to all potential u s e r s .  
to be an efficient o r  optimum in te rmediary  between computer-generated 
information about the ea r th  and computer-formulated applications of this 
info rma t i  on. 
Thus, i t  is natural  to inquire whether 
In  this age, the printed page would not s e e m  
Many computer-oriented information-management approaches could be 
conceived, of course.  One intriguing possibility would offer interactive,  
remote- te rmina l  access  to a ma jo r  computer in  which the information would 
be  retained i n  a convenient manner.  If the per ipheral  equipment a t  the com- 
puter were  sufficiently versat i le ,  any organization with a te rmina l  f o r  com- 
puter access via telephone circui ts  could a l so  cal l  upon the earth-physics 
information serv ice .  Many, and probably most ,  potential u s e r  organizations 
a l ready  have such  terminals .  
the way that remote- terminal  computing is cur ren t ly  being billed. 
Billing f o r  computer t ime could be  handled i n  
2 
The interactive feature  of the sys t em would allow an unfamiliar u s e r  to 
inquire as to what information is available and i n  what format ,  and how to 
r each  it. Using his remote terminal ,  the u s e r  could wri te  his own program 
to t r ans fo rm the information into the f o r m  he requires ,  and perhaps to per -  
f o r m  des i red  calculations based on the data. 
The specifications that mus t  be m e t  by such an  information-management 
sys t em follow first f r o m  the nature, format ,  and scope of the available and 
anticipated information. Second, the specifications must  reflect  an assess - 
ment o r  judgment as to which data will be in  sufficient demand to  justify 
t reatment  by the envisioned techniques. Topic by topic, Section 2 of this 
report  addres ses  these aspects  of the information-management problem. 
In  organizing the conclusions f r o m  individual considerations of these dis - 
cipline topics, a distinction is made between a -- data base  of fundamental 
information - usually a table of numbers  - and a collection of useful standard 
p r o c e s s e s  to be performed using the data  base  - in  the f o r m  of a collection 
of computer programs.  
fo r  the gravitational potential of the e a r t h  would be a typical segment of the 
data base.  
of a typical process  employing the data  base.  
One o r  m o r e  se t s  of spherical-harmonic coefficients 
Finding the potential a t  a required point on the ea r th  is an example 
Subsequent tables collect  a number of candidate data se t s  and candidate 
The principal objective in  so presenting processes  f o r  inclusion in  EPIMS. 
these se t s  and processes  is to assemble  the necessary  s ta t is t ics  on computer 
requirements ,  s o  that the s i ze  of the data-management problem can be 
expressed  quantitatively. 
Various options fo r  the scope of a data-management activity can  be 
assembled f r o m  subsets  of the candidate data s e t s  and processes .  
options, with the i r  different computer requirements ,  will influence the mag- 
nitude and organization of the computer hardware and’ software required to 
implement a data-management sys t em of the s o r t  suggested. 
These 
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Section 3 of this report  considers  the general  problems involved in  
organizing a computer sys t em f o r  managing the data  f r o m  an earth-physics 
program. A number of significant questions surround such an operation. 
Finally, Section 4 presents  an initial conclusion about the practicali ty 
and advisability of a computer-oriented information-management se rv ice  f o r  
e a r t h  physics. 
if an  EPIMS is to  be implemented. 
Recommendations a r e  a l so  given f o r  appropriate  next s teps  
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2. DATA BASES AND PROCESSES FOR EARTH-PHYSICS DISCIPLINES 
P 
2.1 Definitions 
To begin a review of what i t ems  should be included in  an information- 
management activity fo r  an earth-physics program, a definition delineating 
the content of the program must  first be adopted. The present  study adopts 
the definition s e t  for th  i n  the Williamstown Report  (Kaula, 1970).  
The following sections contain discussions of scientific disciplines that 
en ter  an earth-physics p rogram as envisioned i n  the Williamstown study. 
Each section briefly summar izes  the s ta tus  of computer-compatible models 
that might be  included i n  a data-management plan. 
To facilitate understanding the tables that accompany the sections on 
the various scientific disciplines,  two definitions may  be helpful. 
The f i r s t  deals  with the differentiation between the data o r  information 
base  and the concept of a process .  The t e r m s  "data" and t ' information' t  will 
somet imes  be used interchangeably here ,  although i n  general ,  "data" r e fe r s  
to the raw ma te r i a l  f r o m  which information is derived. An information base 
is loosely defined as a collection of nonexecutable s torage bits that can be 
accessed by a process  i n  o r d e r  that  a higher level of knowledge can  be 
achieved. 
that per forms a prescr ibed  t ransformation on a specified information base.  
A process  may o r  may not c a r r y  an  information base  with it. 
A process  is a computer p rogram (or  collection of programs)  
The second definition deals with the notion of a charac te r  of s torage.  
F o r  purposes herein,  a charac te r  of s torage on some s torage device is 
represented by eight consecutive binary digits capable of being coded into a 
representat ion of the usual s e t  of alphanumeric cha rac t e r s  such as the 
decimal  digits, l e t t e r s  of the alphabet, and other  special  symbols. 
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2 . 2  Time and Frequency Standards 
An accura te  knowledge of t ime and frequency is fundamental to many of 
the earth-physics a reas ,  par t icular ly  to  space  activities that provide data  
f o r  ea r th  physics. Several  agencies around the world, especially national 
time serv ices ,  maintain atomic osci l la tors  and clocks to provide fundamental 
t ime references.  Various earth-physics measurements ,  therefore,  may  
relate  epoch and frequency to one o r  another of these t ime services .  F o r  
comprehensive global analyses,  these measurements  must  be brought to a 
comnnon t ime system. Thus, it will be essent ia l  that the EPIMS have avail-  
able the relations between the var ious atomic t imes.  
The seve ra l  t ime serv ices  t ransmi t  radio signals that c a r r y  time and 
frequency information. 
by observation stations taking data f o r  earth-physics objectives. 
of the relations between the various t ransmit ted signals is necessary  in  o rde r  
to c o r r e c t  the observational data  to a common reference.  
These signals a r e  received and used in  various ways 
Knowledge 
Until the development of atomic clocks, fundamental t ime was determined 
f r o m  astronomical  measurements .  T ime derived f r o m  orbi ta l  motions of 
bodies i n  the so l a r  sys t em is tabulated as "ephemeris t ime. I t  
of bodies in  the so la r  sys t em - fo r  example, the moon - a r e  involved i n  ear th-  
physics measurements ,  the information-management se rv ice  must  provide the 
relations between atomic t ime and the independent var iable  in pertinent 
ephemerides.  
Since the motions 
Table 1 lists the information on t ime and frequency s tandards that should 
be considered f o r  incorporation in  the EPIMS. 
2 . 3  Earth's Rotational Motion 
Historically, measurements  of the rotational motion of the ea r th  have 
been closely associated with t ime determinations.  
rotational position of the earth about i t s  axis are still r e fe r r ed  to as "universal  
time" of one s o r t  o r  another,  depending on what correct ions have been applied. 
In fact ,  tabulations of the 
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The relations between the var ious universal  t imes  tabulated by several  
agencies and atomic time must  be available (see Table 2). 
Several  agencies current ly  determine the motions of the ea r th ' s  axis of 
rotation. These individual determinations should be  made available, as well 
as some bes t  fitting mean set ( see  Table 2).  
potential u s e r s  of such information are likely to be concerned with what type 
of data  are available fo r  a specified time, what is the interval  between suc-  
cess ive  determinations,  and what is the estimated accuracy. The request 
f o r  the actual data may be fo r  d i sc re t e  values determined by a specific agency 
o r  agencies o r  f o r  interpolated instants.  
Pre l iminary  requests f r o m  
2 .4  Posit ional Astronomy 
I n  the previous section, the existence of two reference coordinate s y s -  
One is a fundamental s e t  of th ree  orthogonal tems was implicitly assumed. 
directions defined in  t e r m s  of the directions to distant as t ronomical  sources .  
The second is a s e t  of orthogonal axes i n  the ea r th  with its origin a t  the center  
of mass of the earth. 
product of positional astronomy. 
(as discussed in the next section).  
precisely specified in terms of the angles relating the directions of these two 
fundamental sys tems 
The f o r m e r  is essent ia l ly  an  iner t ia l  sys tem and is a 
The la t te r  comes f r o m  geometr ical  geodesy 
The rotational motions of the ea r th  a r e  
Positional as t ronomy has seve ra l  data collections that a r e  appropriate 
f o r  inclusion in the information-management sys t em (see Table 3 ) .  The most  
obvious and perhaps the most  easi ly  initiated data  bases  are  the star catalogs. 
Pr imar i ly ,  the FK4 catalog (Fr icke  and Kopff, 1963) and the SA0 Star Cataiog 
(1966) (in the FK4 sys tem)  should be made accessible ,  although it is possible 
that special  in te res t  would exist f o r  other  types of catalogs. 
catalog should be maintained and updated as new observational data accumulate. 
The radio star catalog is especially important  to ve ry  long-baseline in te r -  
f e romet ry  measurements  s 
A radio star 
Ephemerides of the planets, the moon, and perhaps other  m e m b e r s  of the 
s o l a r  sys t em would be useful to some aspects  of a n  earth-physics program. 
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Planetary ephemerides could be provided as in the American Ephemeris  and 
Nautical Almanac o r  as the product of an  integration of planetary motions 
produced i n  connection with work done f o r  the space program. Similarly,  the 
lunar orbit  and l ibrations should be best  obtained f r o m  analyses of data gene- 
rated by techniques such as l a s e r  ranging. 
2 .5  Geometrical  Geodesy 
In  cur ren t  practice,  axis directions f o r  a coordinate sys tem f o r  the solid 
e a r t h  a r e  defined 3y adopted positions fo r  the observator ies  measuring the 
rotational motions of the earth.  
m a s s  of the ear th ,  which can  be determined f r o m  satell i te orbits.  
tance sca le  is specified operationally by the adopted value of the speed of 
light. 
The or igin f o r  this sys tem is the center  of 
The d is -  
The information-management sys t em should s t o r e  a l l  the pertinent infor- 
mation that en ters  into the detailed specification of a t e r r e s t r i a l  coordinate 
sys t em (Table 4). This will then be the sys t em in  which coordinates a r e  
tabulated f o r  a l l  the observing instruments  involved in the earth-physics 
program. It will a l so  be useful to have available the transformations that 
re la te  the c l a s s i ca l  survey datums to the fundamental t e r r e s t r i a l  system. 
Many of these  data a r e  a l ready bes t  determined f r o m  analyses of satell i te 
observations,  and fur ther  improvements in them will be a major  product of 
the earth-physics program. 
Eventually, the whole concept of a fixed t e r r e s t r i a l  coordinate sys t em 
must  be reexamined, particularly when the accuracy of the coordinate speci-  
fication approaches the sca le  of annual crustal-plate  motions e This need 
not be included in initial vers ions of the information-management sys tem,  
2 . 6  Ea r th ' s  Gravitational Potential 
The geopotential is most  usefully represented current ly  by means of 
spherical-harmonic expansions The definition of the expansion used should 
11 
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be c lear ly  stated,  and facil i t ies should exist  fo r  converting the coefficients 
to one o r  another of the principal methods of normalization. 
harmonics up to  about 25, o r  about 650 coefficients, can be expected in  the 
near  future.  The geopotential o r  functions thereof may be requested f o r  
specific points, and programs should be  made available to compute the 
following (see Table 5): 
Degrees of the 
A. F r e e - a i r  gravity anomalies referenced to a specified reference 
surface,  both at the ea r th ' s  surface and in space.  
B. The height of the geoid above a specified reference surface.  
C .  Deflections of the ver t ical  a t  the ea r th ' s  sur face  and in  space.  
In addition, requests  fo r  different types of gravity anomalies a r e  antici-  
pated - f o r  example, isostat ic  anomalies.  Thus, models for  the elevation of 
the ea r th ' s  topography and fo r  the depth of compensation are  required.  
mation on mean height above sea level is cur ren t ly  available f o r  the entire 
surface of the ear th ,  e i ther  as 5" x 5" a r e a  means o r  a s  a spherical-harmonic 
expansion up to degree 35. 
Infor -  
Some collection of surface -gravity measurements  should be tabulated, 
The including the methods of reduction and averaging that have been used. 
data will mos t  likely be in  the f o r m  of a r e a  means,  possibly f r o m  1" x 1" 
squares  to 5" x 5" squares .  
observations f r o m  one reference surface to another and for  converting differ-  
ent types of gravity anomalies.  
Data programs should exist  fo r  converting the 
There  a r e  a l ready some determinations of t ime dependence of the 
spherical-harmonic coefficients in  the geopotential. 
when des i red ,  in  the potential representation. 
These should be included, 
2. '7 Geology and Global Tectonics 
As space  and related techniques yield m o r e  and m o r e  detailed information 
about the ear th ,  the geological value of the data inc reases  correspondingly. 
13  
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Simultaneously, geology is in a s ta te  of transition. Once the hobby of Victorian 
clergymen, geology is now increasingly becoming a science of mathematical  
precision. The re  will always be a need fo r  field geology, the source  of the 
sc ience ' s  raw data. 
many aspects  of geological analysis a r e  becoming notable (Table 6), and 
there  are some promising fields where such application is sti l l  awaited. 
Nonetheless, the applications of computer processing to 
Two fields of computer application in  geology a r e  a l ready well established. 
I n  the first, Bullard, Everett ,  and Smith (1965) have used a least-squares  
method to  reconstruct  the original proximity of the continents before the open- 
ing of the Atlantic Ocean. 
and Hallam (1970) fo r  a southern ocean continental reconstruction, is a tribute 
to computer-assis ted approaches to problems relevant to geology. 
The success  of the method, confirmed by Smith 
Second, the increasing number of published chemical analyses of rocks 
has aroused in te res t  in the question of whether and how volcanic chemis t ry  
can va ry  according to tectonic situation. 
2 tion between intra-oceanic and circum-oceanic  basal ts  on the bas is  of T i 0  
percentage. Since then, he has refined his s ta t is t ical  methods, and he and 
other  authors have shown how powerful a tool such discr iminants  can be in 
volcano-tectonics, par t icular ly  in the use  of combinations of s eve ra l  var iables  
plotted on n-space models (Chayes, 1969; LeMaitre,  1968). Several  unexpected 
and most  interesting resu l t s  have already emerged f r o m  these approaches to 
chemical volcanology in space and t ime (e. g. , Mohr, 1970). 
Chayes (1963) established a distinc- 
Computer techniques have a l so  found application in the field of paleontology, 
both in s ta t is t ical  ecological studies and in  defining extinct species  on the basis  
of skeletal  parameters .  In  the fields of crystallography, mineralogy, and 
petrology, there are  numerous obvious routine applications of computing - 
f o r  example, in calculating ce l l - s ize  pa rame te r s  f r o m  X-ray diffraction data, 
in plotting var iable  chemical  parameters  of minera ls  o r  rocks on t e rna ry  o r  
quaternary d iagrams,  and i n  computing rock norms (Chayes, 1964). These,  
in  turn,  can lead to fur ther  investigation into possible interrelationships 
among elements during the generation o r  crystall ization of magmas,  in a way 
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that, once the essent ia l  picture of magmatic behavior is established, will 
enable detection of additional processes  such as assimilat ion of the country- 
rock walling the magma chamber  and thus contaminating the chemis t ry  of the 
magma. 
qualitative t e rms .  
Such hidden processes  a r e  at present  very  poorly known in  even 
Yet another developing field of computer applications to geology is that 
of mechanical analysis of sediments,  which can  re la te  s ize-  and shape- 
distribution patterns of the individual c las t s  (par t ic les)  to the source  of sedi-  
ments and can  give information concerning their  manner  of removal and 
t ransportat ion and the conditions under which they were  deposited. This 
aspect  of geology is of obvious importance in  oil exploration. 
In geophysics, the applications of computers to gravity, seismic,  and 
magnetic data  reduction a r e  too numerous and too obvious to l i s t  here ,  but the . 
relating of fac tors  such as the geoid to heat-flow o r  tectonic data, by means 
of harmonic analysis,  is especially noteworthy in  view of geology's new-found 
global vision. 
The revolution wrought by the sea-floor-spreading hypothesis and the 
establishment of plate tectonics on a worldwide basis  of c rus ta l  interaction 
have opened new fields fo r  computer processing. 
margins  is a l ready well in progress .  But the relating of volcanic mineralogy 
and chemis t ry  to tectonic environment (in t e r m s  of plate tectonics) has hardly 
been s ta r ted  in global t e r m s .  
chemical data  now sca t te red  through the l i terature ,  and i t  would be a fascinat-  
ing t a s k  to collect these, f i r s t  to get a broad picture of global tectonic features  
and second to s e a r c h  fo r  an explanation of "local" anomalies within this broad 
picture,  
valuable to economic geology - f o r  example, relating the chemistry,  age,  and 
tectonics of both diamond-bearing and nondiamond-bearing kimberli tes.  
Matching of continental 
There is an enormous wealth of suitable 
This would almost  certainly resul t  in  the discovery of features  
A m o r e  distant but fascinating application of computers will occur  when 
numerous prec ise  geodetic data are available concerning the measured  ra tes  
and sense  of movements along *aa jor  faul t  zones of the ea r th ' s  c rus t .  Already, 
the pat tern of movement of the San Andreas fault zone has proved to be 
1 9  
surpris ingly complex (Hofmann, 1968), and the degree and manner  of in te r -  
action of one section of this zone with adjacent sections is not yet understood. 
At a t ime when mos t  o r  all of the ear th ' s  tectonic zones a r e  being monitored, 
e i ther  on the ground o r  f r o m  ground-sensing satell i tes,  a detailed analysis 
of c rus t a l  movement on the bas i s  of global crustal-plate  interaction, together 
with such fac tors  as e a r t h  t ides,  isostat ic  loading, and heat flow, may 
possibly reveal  a sequence of ea r th  behavior that will enable the prec ise  
prediction of earthquakes (Mohr, 1969).  
In summary ,  the p s s i b i l i t i e s  of applications of computing processes  in 
geology a r e  a lmost  as numerous as the specilizations of geology themselves.  
Where problems will a r i s e  is in  the tedious collecting of published data,  
sca t te red  through many journals (some of which are relatively inaccessible),  
and i n  the interpretation of processed data related to  the fundamental, all- 
important field observations that will always remain the bas i s  of a natural  
science like geology. 
2 . 8  The Atmosphere 
The ea r th ' s  a tmosphere en ters  an earth-physics p rogram i n  seve ra l  
ways. 
sys t em in the mechanics  of the ear th .  
a tmospheric  mass may account f o r  some of the annual variation in J 
coefficient of the zonal harmonic represent ing the oblateness of the ea r th  
(Kozai, 1970).  
half the annual variation in the rotation r a t e  of the ear th .  
annual change i n  the rotation ra te  may  involve momentum exchange between 
the atmosphere and the solid ear th .  
In a ve ry  fundamental way, it en ters  because i t  is an important sub- 
Changes i n  the global distribution of 
the 2' 
The annual variation in J2, i n  turn,  can  account fo r  perhaps 
The r e s t  of the 
The upper a tmosphere is responsible fo r  significant aerodynamic drag 
Thus, knowledge of on all satel l i tes  with perigees below perhaps 1000 km. 
atmospheric  density and its many changes at satell i te altitudes is necessary  
f o r  satel l i te  orbi ta l  analyses.  
20 
The atmosphere is a l so  a medium through which ground-based satell i te-  
tracking observations mus t  be made. 
propagation of electromagnetic radiation through the atmosphere is necessary 
f o r  the proper  utilization of tracking data. 
Knowledge of the correct ions fo r  
These seve ra l  requirements  indicate that a model of the ea r th ' s  a tmos-  
phere is an  important constituent of an earth-physics program (see Table 7). 
In the following, we shal l  discuss  some of the existing and planned reference 
models.  
The U. S. Standard Atmosphere 1962 is a detailed tabulation of a tmos-  
pheric propert ies  fo r  a single s tandard profile f r o m  s e a  level to a height of 
700 km. Since the molecular- temperature  profile as a function of geopoten- 
tial height is made to consis t  of straight-l ine segments,  a l l  quantities can be 
derived by s t ra ight  a lgebra,  without recourse  to numerical  integration. The 
tables a r e  quite good to about 90 k m  but a r e  obsolete above that height. 
A s e r i e s  of real is t ic  tabulations f o r  different atmospheric conditions, 
taking into account seasonal  and latitudinal variations in the homosphere and 
so lar ,  geomagnetic, and other effects (based on Jacchia 's  1965 models) in 
the heterosphere,  is given in the U. S. Standard Atmosphere Supplements, 
1966. F r o m  s e a  level to a height of 120 km, segmented'molecular-temperature 
profiles a r e  used in  the s a m e  manner  as in the U. S. Standard Atmosphere 
1962 model;  above 120 km, the tempera ture  profiles a r e  exponential functions 
of geometr ic  height and a numerical-integration program was used to der ive 
densit ies.  
thermosphere and exosphere to be made in  a continuous manner  f o r  a l l  latitudes 
and local t imes.  
The models enable a computation of a tmospheric  propert ies  in the 
A tabulation of a tmospheric  propert ies  f r o m  30 to 800 k m  appears  in the 
COSPAR International Reference Atmosphere 1965 (CIRA, 1965). Only one 
average profile is given f r o m  30 to 120 km, in  segmented form.  
height, detailed tables a r e  given a t  intervals  of 2 hours  in  local t ime f o r  10 
separa te  levels of s o l a r  activity. 
Above this 
In spite of a l l  the detail,  the tables a r e  
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valid only f o r  one intermediate latitude and cannot be made continuous in 
latitude f o r  satel l i te  work. 
complicated equations and must  be  handled by numerical  integration. 
The computation is based on the integration of 
A revision of the COSPAR atmosphere is near ly  ready and should be 
published in  1971; i t  should eliminate mos t  of the drawbacks of the 1965 models 
and represent  a considerable improvement over other  existing models. 
present,  it is divided into three  sections - 20 to 60 km, 60 to 120 km, and 
90 to 2500 km;  some interface adjusting has  yet to be done to make the models 
continuous i n  height. Seasonal and latitudinal variations a r e  taken into account 
in  the homosphere and i n  the lower thermosphere;  in  the heterosphere,  s ta t ic  
models are used, with empir ica l  t empera ture  profiles that make numerical  
integration necessary  in o rde r  to be able to der ive data on density and com- 
position. 
a t  SAO; fo r  lower heights, the computation is t r ivial .  
At 
Computer programs to generate  models above 90 k m  are available 
2 . 9  Oceanography 
The oceans have a significant influence on the mechanics of the ear th ,  
and hence cer ta in  aspects  of oceanography are pertinent to an  EPIMS. 
Historically, the mean sea  surface has  defined a reference f r o m  which 
to m e a s u r e  elevations on ea r th  - i. e . ,  elevations above s e a  level (see 
Table 8). 
a l t imeters ,  the ocean surface can still provide a useful reference in  this 
respect .  
Even with m o r e  sophisticated techniques such as satellite-to-ocean 
The ocean surface seems to be an  equipotential surface to within a m e t e r  
o r  so, and measurements  of i t s  profile by satell i te a l t imeters  can provide a 
significant improvement in the detail  of a s tandard geopotential representation. 
Where available f r o m  surface measurements ,  astrogeodetic profiles of the 
ocean sur face  can be compared and combined with profiles obtained f r o m  satel-  
lite observations.  F o r  example, the sea over the Puer to  Rico Trench  is known 
to have about a 1 5 - m  depression relative to a reference ellipsoid of revolution 
(von Arx, 1967). 
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Correct ions of a maximum of a few m e t e r s  f o r  deviations between s e a  
level and the geoid due to water  tempera ture  and salinity can be estimated 
(Hela and Lisitzin, 1 9 6 7 ) ,  and a model of these should be available in the 
EPIMS. Similarly,  ma jo r  ocean cur ren ts  may produce a deviation of a m e t e r  
o r  s o  between s e a  level and an equipotential surface.  F o r  this and other  pur-  
poses,  knowledge of the charac te r i s t ics  of the ma jo r  ocean cur ren ts  would 
be useful in  the EPIMS. 
Tidal variations of the mean s e a  surface will be measurabl-e by satell i te 
a l t imeters ,  par t icular ly  in shallow areas nea r  shore  lines. 
2 .10 The Ionosphere 
The ea r th ' s  ionosphere fo rms  an integral  par t  of any earth-physics pro-  
g ram,  pr imar i ly  because of i ts  effects on the propagation of electromagnetic 
radiation through it .  
a l ready utilize satell i te signals that have t raversed  the ionosphere (Table 9) .  
It has  become c l ea r  that some of the recently developed techniques, such as 
ve ry  long-baseline interferometry and l a s e r  ranging to satellites, will play 
a significant role in  high-accuracy measurements  in  the next decade. Iono- 
spheric  effects on such measurements  cannot be ignored, and a study of these 
effects (entailing a study of the ionosphere i tself)  is ,  therefore,  of importance 
to ea r th  physics. Since the ionosphere has a ma jo r  variation with time, m o r e  
o r  less  continuous (hourly) data a r e  necessary.  
A l a rge  number of measurements  in  ea r th  physics 
Although a study of the ionosphere per  s e  would involve a ve ry  la rge  
number of parameters ,  the effect of the ionosphere on radio waves involves 
only those pa rame te r s  that  determine the refract ive index n of the ionosphere. 
The refract ive index differs f r o m  unity because of the presence of charged 
par t ic les ,  the ea r th ' s  magnetic field, and the collisional frequency of the 
electrons with neutral  par t ic les .  
bending of the rays  and a change of the phase velocity of the signal. 
bending effect is usually negligible, and the ionospheric effect can be expressed 
in t e r m s  of the differential phase path 
f r e e  space and the actual path through the ionosphere):  
Refractive-index variations cause  both a 
The 
p (the difference between the path in  
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F o r  a rough calculation, the effects of the magnetic field and the collisional 
frequency can be ignored, and the refract ive index can be represented by 
3 where N is the electron density (e lec t rons /m ) and f is the frequency of the 
radio wave (Hz). 
tive index makes i t  possible to minimize ionospheric effects by carrying out 
measurements  a t  relatively high frequencies (in the C and X bands). 
ca ses ,  the differential  phase path is approximately 
The s t rong frequency dependence of the ionospheric r e f r ac -  
In such 
Ap - 40 J N  ds  (me te r s )  . 
f 2  
Thus, we need know only the total  e lectron content of the ionosphere to be 
able  to calculate the correction. 
of electron-density profiles in  the calculation of the differential phase path. 
However, t rue  electron-density profiles differ widely f r o m  analytical models, 
and the la t te r  can be used only f o r  order-of-magnitude est imates .  
It is a l so  possible to use analytical models 
F o r  an earth-physics program requiring cent imeter  accuracy in range 
measurements ,  detailed knowledge of the ionospheric parameters  is absolutely 
essential .  
ential phase path, taking into account the full anisotropic nature of the iono- 
sphere.  
density, the magnetic field, and the collisional frequency to calculate the 
correct ion f o r  any given geometry of t r ansmi t t e r s  and receivers .  
Computer programs have been developed that calculate the differ-  
These programs use three-dimensional profiles of the electron 
Although considerable data exis t  on the electron density of the ionosphere, 
there  is an urgent need of a data-management p rogram to coordinate the resul ts  
of measurements  made with a var ie ty  of techniques and in different geographical 
locations. The ionosphere is z constantly and rapidly changing region, and i ts  
pa rame te r s  vary  not only with height but a l so  temporally and geographically. 
There  is a need to combine measurements  made on the upper and lower 
27 
ionosphere by such techniques as topside sounding by satel l i tes  and ionosonde 
and incoherent backscat ter  r ada r  measurements  on the ground. 
all these data  are combined and organized i n  t e r m s  of geographical location 
and diurnal, seasonal,  and year ly  variations will it be possible to develop 
mathematical  models of ionospheric pa rame te r s  (the electron density in  
par t icular)  that could closely predict  the t r u e  state of the ionosphere. 
Only when 
At present ,  ionospheric data  a r e  compiled and s tored  by various agencies, 
such  a s  the World Data Center  in Boulder, Colorado. The basic  sounding data  
are  reduced to such qaantities as, f o r  example, critical frequencies of various 
layers  and electron-density profiles;  they are s tored  as a function of time and 
station location. 
and lower ionospheric data to obtain comprehensive profiles. 
data-management p rogram is needed to achieve this objective. 
ionospheric pa rame te r s  are res t r ic ted  to those having d i rec t  bearing on ear th-  
physics measurements ,  the data-s torage and data-handling requirements  are 
m o r e  modest than might be appropriate f o r  ionospheric research .  
No la rge-sca le  effort has yet been made to combine upper 
A systematic  
When the 
2.11 The Magnetic F ie ld  
A convenient representation of the ea r th ' s  magnetic field is necessary  
f o r  many earth-physics programs.  
One of the most  useful representat ions is a spherical-harmonic expansion, 
similar to the gravity-field representat ion (see Table 10). A data-manage- 
ment  sys t em should provide the u s e r  with a choice of severa l  of the newest 
solutions fo r  harmonic coefficients (solutions, possibly based on different 
types of data, m a y  have different applications), as well as a s imple p rogram 
f o r  evaluating the field at specified positions. 
In  cases  where a dipole approximation to the magnetic field is sufficient, 
the dipole pa rame te r s  (corresponding to the lowest o r d e r  t e r m s  of each of 
the full solutions) can  easi ly  be made  available. 
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Time dependence of the magnetic field can  be  handled quite conveniently 
in  the data system. Usually, in  a spherical-harmonic expansion, the coeffi- 
cients will be expressed  as polynomial functions of time. It would be quite 
straightforward f o r  the sys t em to include routines f o r  evaluating (and com- 
paring) magnetic-field pa rame te r s  as a function of time. It is likely that 
cer ta in  u s e r s  will find surface magnetic-field measurements  of interest ,  and 
these  data, perhaps in  smoothed f o r m  and with time-dependence parameters ,  
should be made accessible .  
Finally, another candidate f o r  a data-management sys t em is a listing of 
known field r eve r sa l s  of te r ra -magnet i sm (over geological time). 
data (some 70 to  80 reliable r eve r sa l s ,  and the number is growing) will be 
of in te res t  not only to geophysicists interested in  magnet ism but a l so  to those 
concerned with sea-f loor  spreading and correlat ions with other  earth-physics 
data.  
These 
2 . 1 2  Ground Instruments 
It would be desirable  f o r  EPIMS to provide a d i rec tory  of stations, listing 
the charac te r i s t ics ,  coordinates,  and instrumentation of each. Something 
on the o r d e r  of the NASA Geodetic Satell i tes Observation Station Directory is 
envisaged, but the EPIMS Directory should be broader ,  including polar-  
motion-determination sites, UT1 -measurement  s i tes ,  seismic stations,  and 
other  similar stations (see Table 11). 
Two types of instrument  coordinates will be of p r imary  importance: 
1 ) geocentric Car tes ian  coordinates and 2) geodetic datum coordinates (lati- 
tude, longitude, height above the geoid, and height of the geoid above the 
adopted reference ellipsoid). In addition, definitions of the coordinate sys  - 
t e m s  a r e  required - e. g . ,  the scale ,  orientation, and dimensions of the 
reference ellipsoid. Accuracy information should a l so  be available. 
The basic  data  can  be requested in var ious al ternate  forms ,  f o r  example, 
as ellipsoid coordinates of an ear th-centered ellipsoid of specified pa rame te r s  
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o r  as Car tes ian  geodetic coordinates 
and geocentric reference sys tems should a l so  be made available, both as 
actual  pa rame te r s  and as the definition of the transformation. Faci l i t ies  
should then exis t  for  converting any se t  of geodetic coordinates into a geo- 
cent r ic  sys t em once the t ransformation pa rame te r s  are known. 
The relationship between the geodetic 
Astrogeoid-height information should a l so  be available in  the data-  
management bank since such information fo rms  a basic  requirement f o r  
coordinate conversion. 
maps,  but it m a y  be useful to s to re  the data  in the computer as area means 
of, say,  1 /2" x 1 /2" o r  1" x 1" squares .  Astrogeodetic-height information is 
available fo r  about 15% of the ea r th ' s  surface.  
Currently,  these data are available in the f o r m  of 
2 . 1 3  Spacecraft  
At any given t ime, many spacecraf t  that can contribute to an  ear th-  
physics p rogram are in  orbit. 
should be available through EPIMS (see Table 12) .  
Data on the i r  orbi ts  and other  charac te r i s t ics  
F o r  satel l i tes  that have been observed previously, knowledge of the 
existing data  and where it can  be found would be desirable .  
to be appropriate  to expect EPIMS to s e r v e  as a data bank. 
It would not s e e m  
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3 .  EARTH-PHYSICS INFORMATION-MANAGEMENT SERVICE 
F r o m  Section 2, we can see  that the information bases  and processes  
available today in the earth-physics disciplines a r e  numerous , complex, 
dynamic, and large.  
in  charac te r  as a r e  the disciplines themselves.  
consider the nature  of and problems involved in forming an  information s e r -  
vice that can match  the wealth of information available with prospective u s e r s  
and provide a facility not cur ren t ly  available to the r e sea rche r  in ea r th  
physics. 
The potential u s e r s  of the information a r e  as d iverse  
In this section, we shall  
3 . 1  Concept of the Center  
Over the past  decade, two c l a s ses  of facil i t ies have come into prominence 
in the field of information management: 
2) the information re t r ieva l  center  o r  special  l ibrary.  
been great ly  ass i s ted  by the development of the mult iaccess ,  mult iprogram 
computer system. 
consisting of the p r imary  sequential functions indicated in Table 1 3  ( f rom 
Harrison, Brockman, and Sommers,  1970) ,  the se rv i ce  bureau has  in general  
ass i s ted  the r e s e a r c h e r  in  achieving s tages  2 and 3 ,  and the special  l ibrary,  
s tages  4 and 5. 
the delineation of cu r ren t  data functions and the implications to the individual 
r e sea rche r .  
1)  the computer se rv ice  bureau, and 
Both s t ruc tures  have 
If  we consider a generalized information-handling sys t em 
A look at two NASA large-sca le  data  sys tems fur ther  e laborates  
Table 13 .  Data-handling operations. 
Stage Operation 
1 .  Acquire Screen,  exclude, select  
2. "Process"  Condense, compres  s 
Digest, abs t rac t ,  enhance 
(make m o r e  "visible") 
3 .  Trans fo rm Interpret ,  analyze, inf e r, 
deduce, project  
4. Conserve Update , index, 
taxonomic a1 ly s t ruc ture  
5. Disseminate Recall ,  search ,  match; 
'I keyed re t r ieva l  
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The Information Process ing  Division (IPD) at GSFC receives  and pro-  
c e s s e s  near ly  all NASA's unmanned scientific satel l i te  data. 
virtually a totally centralized pure processing facility. It is pr imar i ly  con- 
cerned with processing the data fo r  scientific investigators,  who in turn  
provide the necessary  analysis .  
f o r  active collection, organization, s torage,  announcement, re t r ieval ,  dis - 
semination, and exchange of space-science data. F igu re  1 ( f rom Harr ison,  
Brockman, and Sommers,  1970) shows the relationship between IPD and 
NSSDC; whereas  this flow of information is  of value to r e s e a r c h  scient is ts ,  
in  general  it suffers  f r o m  the lack of the interact iveness  to a broad community 
of u s e r s  provided by modern computer technology and the lack of ability to 
provide a combination of information searching and subsequent processing 
in  t e r m s  of an  individual scient is t ' s  research .  
The IPD is 
NSSDC complements IPD and is responsible 
k / 
101-15 
o MICROFILM 
TAPES TAPES TAPES 
a SPACECRAFT ORBIT e DATA PLOTS e ANALYZED DATA REPORTS 
DATA PI DOCUMENTATION B DOCUMENTATION 
e PHOTOS 
Figure  1 Space-science satell i te-data flow. 
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If  we consider  the schematic information cycle fo r  earth-physics r e s e a r c h  
represented in  F igure  2 (Lundquist, 1971) as the s t ruc ture  fo r  EPIMS, then i t  
is necessary  to make the cu r ren t  models and algorithms and cer ta in  observa-  
tions m o r e  readily available to the scientific community. 
INSTRUMENTATION OBSERVATIONS 
ADJUSTED 
VALUES OF 
PARAMETERS 
1 CALCL .... .. THEORIES OF SOLID EARTH 
AND 
OCEAN PHYSICS 
REQUIREMENTS 
FOR IMPROVED 
THEORIES, 
MODELS, AND 
INSTRUMENTS 
JLATED 
VALUES OF 
AND OBSERVABLE 
QUANTITIES ALGORITHMS 
Figure  2. Schematic information cycle f o r  application of space techniques to 
sol id-ear th  and ocean physics. 
Let us consider  the c a s e  of a scientist  who wishes to work with a model 
of the atmosphere as par t  of his earth-physics research .  
s i ze  of his organization, he might have a good l ib ra ry  o r  suitable computing 
facil i t ies at his disposal.  
he may know of resul ts  published by NASA. If  he is successful in locating a 
suitable model, then with additional t ime and effort, he could perhaps obtain 
a computer-program vers ion  through yet another NASA facility such a s  the 
Computer Software and Management Information Center  (COSMIC). 
a fur ther  expenditure of time, money, and effort, he could implement that 
Depending on the 
Or,  through the efforts of a center  such as NSSDC, 
With s t i l l  
37 
program on the facil i t ies at his own location o r  perhaps through a commer -  
c ia l  se rv ice  bureau. Hence, a typical scientist  might, through considerable 
good fortune and with a minimum of three o r  four  organizational contacts, 
achieve his original aims. The total inefficiency this process  contains is 
compounded by the number of r e sea rche r s  and the organizations dealing in 
e a r t h  physics, 
By combining the fea tures  of a computer se rv ice  bureau and a special  
l ib rary  through a centralized facility, EPIMS could achieve bet ter  resu l t s  with 
considerably less effort and cost .  
both the active and the t ransient  u se r  in ea r th  physics, as well as an interface 
serv ice  to the existing complex, heterogeneous, and sometimes confusing 
sources  of information. 
would now be accessible  in varying degrees  to the general  user .  
shows a conceptual s t ruc ture  of the center  and i t s  interfaces.  
tu re ,  the three  previously mentioned NASA facil i t ies would become information 
sources  f o r  EPIMS. 
Such a facility would provide a focus for  
All five information functions previously r e fe r r ed  to 
F igure  3 
In this s t ruc -  
101-15 n 
IND I V I DUAL 
RESEARCHER 
/ 4 q  LIBRARIES Ty&/( 
SERVICES IN FOR MAT I ON 
BASES 
[ AND INFORMATION 
INFORMATION 
MANAGEMENT 
NETWORKS 
SCIENTIFIC 
UNIONS AND 
Figure  3 .  Conceptual s t ruc ture  of EPIMS. 
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EPIMS should provide a suitable approach to dealing with the concerns 
indicated by the Ea r th  Surveys Planning Panel: 
consider:  
ra ted as a resul t  of (earth physics) program activit ies flows easily to the 
appropriate  beneficiaries;  and . . . the extent (earth physics) information will 
be  used by the full range of prospective u s e r s  - governmental, institutional 
and private" (Tepper,  1969). 
" there  a r e  two aspects  to 
the job that mus t  be done to a s s u r e  that useful information gene- 
The r e s t  of this section will amplify the nature  of EPIMS, discussing, 
in turn,  u s e r  access ,  information s torage and availability, communications, 
the cent ra l  computer system, protection of information, and economic con- 
siderations.  
3 . 2  U s e r  Access  
We anticipate that EPIMS will become a general  contact point fo r  the 
scientific community fo r  the coordination of earth-physics information. As 
such, the center  would interface with individuals and organizations having a 
wide range of capabilities and needs. I n  general ,  we could classify the access  
modes into three  types: 1 )  no terminal ,  2 )  interactive terminal ,  and 3 )  multi-  
device terminal .  
3 .  2 .  1 No te rmina l  
The u s e r s  who do not require  o r  do not have a te rmina l  to the center  
would largely be r e s e a r c h e r s  a t  random not direct ly  involved in ea r th  physics 
o r  those whose volume is s o  low as not to warran t  a minimal  terminal.  In 
general ,  we expect that the i r  requests  would be received by phone o r  mail, 
and the center  must  have adequate staffing and query  terminals  s o  that these 
requests  can be processed in the s a m e  manner  as would requests  f r o m  a 
use r  who has his own console. 
management of the Scientific Information Exchange, the Center  fo r  Short-  
Lived Phenomena, and the CentralBureau fo r  Astronomical Telegrams,  indi- 
vidual information requests may  be g rea t e r  than 100 per  day. 
not unreasonable since,  to provide maximum benefits, the center  should be 
available not only to national r e sea rche r s  but a lso to the ent i re  international 
s c ientif ic community . 
F r o m  the Smithsonian's experience with the 
This number is 
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Each request  would obviously require  a different amount of both m a n  and 
machine processing, but l e s s  lead t ime in  general  would be needed by the non- 
te rmina l  u s e r  than by the on-line use r .  
nonterminal requests is the smoothing of computer workload on the shifts when 
interactive computing is not being provided. 
An implication of the processing of 
It will be necessary  to publish a directory of se rv ices ,  data processes ,  
and bases  available, particularly to aid the non-terminal user .  We wish to 
s t r e s s ,  however, that publication is not a goal of the center ,  except in this 
limited context. 
3 . 2 .  2 Interactive access  
Most u s e r s  will employ EPIMS through one of a number of commercially 
available inquiry/response terminals ,  e i ther  of the te lepr inter  o r  cathode- 
ray-tube (CRT) type. W e  expect that  a u s e r  would, in general ,  query the 
sys t em through the console a s  to the availability of various information models, 
p rocesses ,  and data bases .  Following this information search,  he would find 
e i ther  a suitable model available to him with appropriate format  options fo r  
his use o r  direct ive information on other possible sources  to search.  
computer interactions would continue until th is  process  had been exhausted. 
If the u s e r  wished to elaborate on an existing model and not use  a "package 
program, ' I  o r  to  interface a par t icular  segment of a data base with his own 
program, he could develop his program in one of the languages available, 
e .  g . ,  BASIC, FORTRAN, ALGOL, etc.  
U s e r /  
If the u s e r  requi res  a considerable volume of information that is printed, 
punched, microfilmed, o r  in other ways hard  stored, e i ther  this information 
would be generated at the center  and supplied to the u s e r  o r  he would have to 
have local access  to a multidevice terminal .  
To provide the widest possible use of terminal  consoles, the center  would 
have to be able to interface with most  s tandard inquiry/response terminals  
available today. W e  hope that with t ime, the emphasis might center  on CRT 
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terminals ,  which provide both alphanumeric charac te r  displays and line 
presentations.  CRTs a r e  super ior  as interactive terminals ,  with s torage,  
e r ror -cor rec t ion ,  editing, and control capabilities not found on hard-copy 
consoles such  as teletypewriters.  However, hard  copy is valuable and 
mnemonic, and combined with the number of teletypewriters in existence, it 
will probably remain  the basic terminal  f o r  some t ime.  
hard-copy-printer attachments that  a r e  now available would provide the ideal 
combination. 
CRTs with limited 
Tables 14 and 15 ( f rom Computer Industry Annual 1969-70) indicate the 
charac te r i s t ics  and costs  of typical teletypewriter devices and CRT consoles. 
The cost  pe r  terminal  pe r  month is between $100 and $500, including con- 
t ro l le r ,  with data modems costing another $25 to $50. 
generally range between $1,500 and $15,000.  
Purchase  pr ices  
Recent studies (Allen, Gerstenfeld, and Gers tberger ,  1968; Utterback, 
1969)  have indicated that technologists tu rn  first to the most  accessible  infor- 
mation channel, independent of the expected value of the information i t  will 
provide. In  par t icular ,  this is the case  once a problem has been identified. 
Although the information s e a r c h  and use  behavior between scient is ts  and 
technologists a r e  different, the general  consensus is thzt accessibil i ty is an  
overriding determinant in  the selection of an  information source.  
studies (O'Gara,  1968; Frohman, 1968) concerning the physical distance 
separating individuals and nonhuman communication points such as computer 
consoles, i t  was found that the probability of use decreased with the square 
of the distance.  
user /device  accessibil i ty relationships indicate the des i r e  f o r  consoles with 
charac te r i s t ics  of light weight, mobility, low cost,  rapid communication tie-in, 
and simplicity of commands fo r  sys t em entry.  
In other  
The probability was asymptotic within 25 yards .  Such 
In conversational computing, we can  define an interaction cycle b.etween 
the u s e r  and the computer sys tem as composed fo r  four basic elements - think, 
input, response,  and output. 
of the output, the think, and the input elements.  When a u s e r  is interacting 
We can define the action t ime as being the s u m  
41 
Table 14. Typical teletypewriter console charac te r i s t ics .  
Computer * Control 
Manufacturer Displays Inc. Data Corp. IBM Univac 
Model 
C RT Charac te r i s t ics  
Screen  s ize  
Phosphor 
Spot d iameter  
Brightness 
(foot-lamberts) 
Display Forma t  
Char  /line 
Lines /display 
Max. char /d isp lay  
Charac te r  s ize  and 
generation method 
Memory  Buffer 
TY Pe 
Size (charac te rs )  
Ref resh  rate 
( f rames  / s ec )  
Editing Fea tures  
Ins  e r t  
Delete 
Curso r  
Special Controls 
ARDS 200 se r i e s  2265 12845 Uniscope 300 
6.5" x 8. 5" 
P1 
0.008" 
9" x 7.5" 
P3  9 
0.018'' 
10" x 5" 
P3  1 
0.01 2"-0.020'' 
3 75 50 
80 
58 
4600 
0.08" x 0.06" 
s t roke  
50 or.80 
20 o r  13  
1040 
0. 25" x 0. 125" 
5 X 7 dot mat r ix  
64 o r  80 
15 o r  12 
960 
0.178" x 0. 126" 
s t roke  
64 
8 o r  16 
1024 
0.15" x 0. 113" 
s t roke  
Storage tube 
4600 
Delay line 
1000 
Delay line 
9 60 
Core 
1024 
not required 50 54 60 
Charac te r  
Charac te r  
Yes 
No 
Charac te r  
Yes 
Charac te r  o r  line 
Charac te r  o r  line 
Yes 
Split s c reen  
tabs 
No 
No 
Yes 
Nons tore  
e ra se ,  tabs 
201, 202, 103, 
sync. o r  async. 
2400 bps 
Half o r  full duplex 
ASCII 
Par i ty  
Yes 
Graphic capability; 
vector genera tor ;  
mouse o r  joystick 
available 
Stand-alone 
te rmina l  
Yes 
$7,950 
Transmiss ion  
Data se t - in te r face  
Speed (b i t s l sec)  
Simultaneity 
Codes 
E r r o r  detection 
Alternate Outputs 
Special Fea tures  
201 A, B, C, D 
2400 bps 
Half duplex 
BCD/ASCII 
Yes 
- 
- 
201 B, 202 D 
1200 o r  2400 bps 
Half duplex 
ASCII 
Y e s  
P r in t e r  1053 
2845 is controller 
201 A, B (sync. ) 
2000/2400 bps 
Half duplex 
ASCII 
Par i ty  
P r in t e r  
40 function 
keys 
Stand-alone o r  
multis tation 
u p  to 12 
Stand-alone 
te rmina l  
Stand-alone o r  
multistation 
Up to 48 
$15,14O/single station 
$268,00O/max. config. 
C omments 
Multiple Termina ls  
c o s t  
Purchase  pr ice  
Rental/mo. 
- 
$5,60O/display 
$8.550/control 
$2,ODO/printer 
$1 75 /display 
$1 75 /control 
$50 /pr in te r  
$135/terminal 
$724/controller 
5270 /pr in te r  
$350/single station 
$8,33O/max. config. 
None 
I 
*These a r e  s torage  CRT te rmina ls  and have limited graphic capability. 
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Table 15. Typical CRT console charac te r i s t ics .  
Manufacturer IBM Teletype Teletype 
Model 1050 32/33 35 /37 
Input Mechanisms 
Output Mechanisms 
Forma t s  
Document 
Charac te r i s t ics  
Codes 
1/0 medium 
Transmiss ion  medium 
Transmiss ion  
Speed 
Simultaneity 
Synchronization 
E r r o r  Detection 
Latera l  / Longitudinal 
Correc t ive  action 
Comments 
c o s t  
Rentallmo. 
Keyboard Keyboard Keyboard 
Pape r  tape reader  Paper ' t ape  reader  Pape r  tape reader  
Card  r eade r  (optional) 
P a p e r  tape punch 
Edge punch ca rds  Pape r  tape punch Pape r  tape punch 
Card  punch (optional) 
Page printer Page pr in te r  
51/80 col. 
words 
72 char / l ine  
width (max. ) 
8. 5" wide paper 8.5" wide paper 
1 paper tape 
7 level 
7 level 
10-15 c h a r / s e c  
Half or full 
duplex 
Asynchronous 
Lat / Long 
Automatic 
re t ransmiss ion  
Delete 
Repunch 
Fr ic t ion  feed, 
standard ; 
Pin-feed RPQ 
$1 00 -$500 
72 char l l ine  
(max. ) 
8.5" wide paper 
1 paper tape 
5 level Any 8 level 
(Model 32) 
8 level ASCII 
5 level Any 8 level 
(Model 32) 
8 level ASCLI 
6-10 c h a r / s e c  
Half or full 
duplex 
Asynchronous 
None (Model 32) 
La tera l  (even) 
Manual 
r e t  ransmis  s ion 
Pin-feed paper 
Also available: 
12 char / inch  
printing 
6-10 c h a r l s e c  
Half or full 
duplex 
Asynchronous 
Latera l  (even) 
Manual 
re t ransmiss ion  
Pin-feed standard; 
Fr ic t ion  feed 
avai lab1 e 
Purchase  pr ice  $400-$650 $1,400-$4,000 
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heavily with the system, it has been observed that the action t ime averages 
about 20 sec  (Hyman, 1967) on a wide range of systems.  
observed that i f  the response t ime exceeds 10 sec,  interaction becomes 
intolerable. 
tinuity f o r  user /machine  interaction. 
sca le  drum and disk sys t em is shown in Figure  4 (from Hyman, 1967). 
general ,  the degree of responsiveness  r equ i r e s  a consideration of the t rade-  
off between the relat ive use  of the cent ra l  m e m o r y  and the secondary s torage 
transfer rates. 
in m o r e  detail in Section 3. 5. 
It has fur ther  been 
A response t ime of up to 2 s ec  seems to provide the des i red  con- 
A typical response curve f o r  a medium- 
In 
Charac te r i s t ics  of the cent ra l  computer sys tem a r e  discussed 
101-15 
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Figure  4. The interaction cycle. 
I t  would s e e m  reasonable, based on the s i ze  of the earth-physics r e s e a r c h  
community, to consider  that EPIMS should provide. simultaneous console in te r -  
f aces  f o r  25 to 50 u s e r s  initially, with the capability to inc rease  this number 
to 100 o r  200 during the ear ly  phases of operation. 
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3 .  2. 3 Multidevice te rmina l  
Some u s e r s  of EPIMS will have access ei ther  to a computer sys t em o r  
to a high-speed te rmina l  that can  ac t  as a remote station. 
there  may be a group of u s e r s  geographically c lose that would warran t  instal-  
lation of te rmina l  devices other  than interactive consoles. In this context, 
a multidevice te rmina l  would probably be made up of a line pr inter ,  a c a r d  
punch, a c a r d  reader ,  and optional magnetic tape units. Data t ransmiss ion  
would be c a r r i e d  on in the range of 2000 to 28 ,000  bits pe r  second. W e  
expect there  would be a limited number of such u s e r  facil i t ies.  
reasonable to have the capacity to handle five such devices initially. 
I n  other  cases ,  
It would s e e m  
The center  would expect to utilize interfaces ,  such as those outlined, 
with other  information-processing facil i t ies where the volume of data to be 
exchanged o r  shared  would warran t  it.  
In  general ,  multidevice te rmina ls  requi re  an environmentalized location 
with properly t ra ined personnel to operate  and supervise  the equipment. 
Typical configurations would rent  fo r  $2, 500 to $6 ,000  per  month. 
purchase pr ices  would range between $100,000 and $250,000. 
Comparable 
3 .  3 Information Availability and Storage 
Considerations of information s torage go beyond the physical volume 
required.  It will be necessa ry  to develop techniques, procedures,  and guide- 
l ines that consider  such questions a s  who should determine what is s tored and 
available and why, how much information is required,  and f o r  how long infor- 
mation should be available. 
Of necessity,  the personnel and staff of an information center  such as 
EPIMS will become technological and scientific gatekeepers.  This extremely 
difficult role  will require  a broad awareness  of the s ta te  of scientific develop- 
ment  in many fields.  The task will be laced with the subtleties required in 
dealing with a heterogeneous mix of national and international organizations 
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and individuals. 
models,  but only two are considered necessary  f o r  the purpose of such an  infor- 
mation center ,  the c a r e  required to handle such choices cannot be understated. 
I f ,  f o r  example, there  a r e  six current ly  accepted atmospheric  
EPIMS will have to have on its staff o r  available to it a number of scien-  
tists who will assist in  the information-selection process .  
largely f r o m  the u s e r  community, f o r  it is only f o r  them that the center  
would exist. 
data bases  would become par t  of an evolving process  involving acceptance of 
and searches  f o r  information through scientific unions, individual r e sea rche r s  , 
universit ies,  colleges,  etc.  
Input must  come 
Hence, requirements  for  and use  of information processes  o r  
I n  general ,  it would s e e m  that the location of such a center  should be a t  
a facil i ty having an existing scientific staff working in  a broad range of d i s -  
ciplines associated with ea r th  physics. That facility should have existing 
l i b ra ry  and data-processing and communications facil i t ies.  Scientific and tech- 
nical  management experience in  dealing with complex data-processing projects 
f r o m  inception through completion would be highly desirable .  An organization 
that is neutral  regarding national scientific -policy setting and implementation 
would be advisable, in o r d e r  to ,encourage international participation. 
The volume of information that could be  s tored  and made available through 
EPIMS is already considerable.  
fac tor  is enormous. 
attentuation that apply to ear th-physics  information. Nonetheless, when vast  
quantities of information are being dealt  with, cer ta in  guidelines must  exist  f o r  
purging the sys  t e m  and keeping the available data within manageable limits. 
Gurk and Minker (1970) have developed a stochastic model relevant to informa- 
tion-handling centers  typified by computer utilities and document s torage and 
re t r ieva l  such as we have been describing. 
such  an information center  are evaluated f o r  a re t i rement  policy that governs 
Over the next decade, the possible growth 
This is fur ther  complicated by the varying degrees  of 
The growth charac te r i s t ics  of 
when i tems  should be re t i red  f r o m  a two-level auxiliary s to re  (disk o r  drum, 
in the case  of the computer utility) to a l e s s  accessible  s to re  (tape o r  mic ro -  
film). Retired information can  be reactivated into the p r imary  s tore ,  
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provided a sufficient number of requests  have been made fo r  it. 
stated, the re t i rement  policy says that an i t em in the p r imary  s t o r e  is re t i red  
i f  it a r r ived  m o r e  than T yea r s  ago o r  i f  it has  been in  the p r imary  s t o r e  at 
least X yea r s  (X 5 T )  and has been used l e s s  than K times in  the previous 
Y yea r s  (X 2 Y).  The reb i r th  policy would require  that an i t em requested 
f r o m  the secondary o r  re t i red  s to re  be placed i n  the pr imary  s to re  if  it has 
been requested at least K t imes in  the previous Y yea r s ,  provided i t  did not 
a r r i v e  m o r e  than T y e a r s  ago. 
Simply 
Storage policies such as the above should be applied to the information 
bases  available to the u s e r  a s  well a s  to the individual u s e r  s torage he might 
require  f o r  his programs o r  personal  f i le s torage.  
In cer ta in  cases ,  the question of providing s torage  can be viewed as a 
tradeoff between the cost  of data t ransmiss ion  and that of s torage facil i t ies.  
We anticipate that, where practical ,  such a center  should not duplicate data 
bases  that might be accessed  elsewhere.  
on-line to a computer sys t em at another center ,  an evaluation should be made 
as to whether a sufficient volume of u se  dictates establishing a telecommunica- 
tions link between the two computer sys tems.  
When a data base  already exists 
Judging f r o m  Section 2, the information in  EPIMS would probably range 
between lo1' and 
various modes.  
rotating mass memor ie s ,  such as magnetic disks and d r u m  devices.  
suitable complement of magnetic tape units will also be required.  
bination of these devices will provide the capability fo r  efficient and 
economical manipulation of both random and sequential accessible  infor- 
mation. Each  technique exhibits i t s  own charac te r i s t ic  speed of access ,  
s torage capacity, and cost  per  bit.  F o r  a center  such as EPIMS, the pr in-  
cipal emphasis will be on l a rge  on-line random-access  storage,  through 
rotating mass memor ies .  
bytes in  its ea r ly  s tages  and would be s tored  in 
The p r imary  s torage  should consist  of a combination of 
A 
A com-  
Mass  memor ie s  are e i ther  of the head-per- t rack o r  positionable-head 
configuration. The average access  t ime on fixed-head devices ranges between 
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10 and 30 m s e c  with a s torage capacity available up to approximately half a 
million bits. 
between 50 and 500 m s e c  with a s torage capacity of g rea t e r  than 5 billion bits. 
The cost  fo r  the l a r g e r  fixed-head device is approximately $150,000, and up 
to $400,000 f o r  the l a r g e r  positionable-head units. 
Average access  t ime f o r  positionable-head devices ranges 
Standard 2400-ft magnetic tape ree ls  at 800 BPI  (bits pe r  inch) would 
Magnetic tape would 
A third o r  perhaps 
s to re  approximately 20 million bytes of information. 
mos t  likely be the basic secondary-storage medium. 
al ternate  secondary s torage could be accomplished with microfilm. 
Other new c l a s ses  of s torage equipment a r e  current ly  available o r  under 
development, ranging f r o m  magnetic data ce l l s  to laser-wri t ten memor ies .  
An information center  such as EPIMS will constantly evaluate its ability to 
provide se rv ice  to its use r s ,  taking the most  economical and efficient advan- 
tage of new technology as soon as it has proved its reliability and performance. 
Although in cer ta in  cases  a sma l l e r  number of s torage  devices might 
hold the physical volume required,  i t  will probably be necessary  to t rade  off 
volume against the number of access  channels to s torage devices. 
memor ie s  with two access  ports  will provide considerably different queuing 
times than would four  devices with four  access  channels and the s a m e  equiva- 
lent storage.  Duplicate devices a l so  provide fo r  a be t te r  continuity of opera-  
tion f r o m  ei ther  planned o r  unplanned down time. 
Two mass 
An operational consideration involving mass s torage is the ability to 
dump periodically all f i les  that  a r e  being s tored  on la rge  disk sys tems.  
In general ,  this dumping is done to magnetic tape every hour o r  so, providing 
a continuity of operation that would otherwise be lost  owing to inadvertent 
opera tor  e r r o r ,  machine malfunction, etc. It will be necessary,  therefore ,  
to  provide such dumping capability paral le l  to normal  operation s o  that the 
quality of s e rv i ce  will not be degraded. 
The c a s e  of off-site backup s torage to prevent catastrophe is not of 
principal concern to a center  such as EPIMS, since the processes ,  data  bases ,  
and information handled in the center  would, in general ,  a lso be available e l se-  
where.  
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3 4 Communications 
F o r  any la rge  - sca le  on-line data-proces  sing center  , communications 
costs  can be considerable i f  the center  der ives  a significant portion of its 
workload via remote terminals .  
tions upon sys t em performance and future growth potential, i t  is c l ea r  that 
a significant amount of effort should be dedicated to the design of an  optimum 
communications s y s tem. 
Considering a l so  the impact of communica- 
Since telephone companies provide a var ie ty  of data- t ransmission serv ices  
(or  channels), one of the m o r e  obvious decisions that mus t  be made by the 
designer  is the proper  choice of channel. In  essence,  this decision will be 
made in  conjunction with the selection of the remote per ipheral  equipment, 
s ince the designer  will wish to match  the line capabilities with the speed of the 
per ipheral  device with which it i s  associated.  Table 16 l is ts  typical common 
c a r r i e r  channel charac te r i s t ics  and Table 17 , common c a r r i e r  se rv ices  (from 
Computer Industry Annual 1969-70). It should be noted that, current ly ,  
leased conditioned lines a r e  necessary  fo r  speeds above about 2000 b i t s / s ec  
to ensure  proper  quality of data t ransmission.  
Since the propagation of D. C. signals is impract ical  except fo r  ve ry  low- 
speed t ransmiss ion  r a t e s  over shor t  distances,  modems (modulating-demodu- 
lating equipment) a r e  utilized to t r ans fo rm binary signals into the analog 
signals of the t ransmiss ion  lines and vice ve r sa .  
and t ransmiss ion  modes must  be considered. 
mode o r  i n  a b i t - se r ia l  mode. 
all te rmina ls  operate  i n  the b i t - se r ia l  mode. 
associated 1/0 devices communicate with each other  in  paral le l  mode, com- 
munications interfaces  must  be provided with b i t - se r ia l  interfaces  t6 per form 
both ser ia l - to-para l le l  conversion and parallel-to - s e r i a l  conversion. 
convention that mus t  be dealt  with is the communications code. 
level USASCII code is highly recommended. 
is fa i r ly  common, especially i n  older  equipment, USASCII has gained wide- 
spread  use  and has been adopted as a proposed standard,  simplifying the 
intercommunication between equipment of various manufacturers .  
Various types of modems 
Modems operate in a paral le l  
Except fo r  some low-speed terminals ,  a lmost  
Since computers and the i r  
Another 
The eight- 
While the Baudot five-level code 
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Table 16.  Common c a r r i e r  t ransmission facilities. 
COMMON CARRIER FACILITY DESCRIPTION BAND RATE (BIT/SEC.) MODEM USED NO. OF VOICE COMMENTS 
CHANNELS REQUIRED 
AT&T Schedule 1 Teleprinter channel 45 None 1112 Available on TWX 
AT&T Schedule 2 Teleprinter channel 57 None 1112 Available on TWX 
AT&T Schedule 3 Teleprinter channel 75 None 1112 Available on TWX 
AT&T Schedule 3A Teleprinter channel 150 None 118 Available on TWX 
AT&T Schedule 4 Voice channel 2000 Bell 201A 1 Available on dial network, 
various mdems used 
AT&T Schedule 4A Voice channel 2400 Bell 2016 1 Various modems used 
AT&T Schedule 4 6  Voice channel 3600 Bell 203 2 4vailable on dial 
network 
AT&T Schedule 4C Voice channel 4800 Bell 203 2 Other modems may be 
Used 
AT&T Schedule 4D Voice channel 7200 Bell 203 2 Other modems may be 
Used 
AT&T Broadband channel 19,200 Bell 303A10 12 Used with Telpak 
AT&T Broadband channel 50,000 Bell 303A20 12 Available on 
Data-phone-50 
AT&T Broadband channel 230,400 Bell 303A30 60 Used with Telpak 
WESTERN UNION Class A Teleprinter channel 50 W.U. 1181-A 1112 Available on Telex 
WESTERN UNION Class B Teleprinter channel 57 W.U. 1181-A 1112 Available on Telex 
Available on Telex WESTERN UNION Class C Teleprinter channel 75 W.U. 1181-A 1112 
WESTERN UNION Class D Teleprinter channel 180 W.U. 1181-A 1 18 
WESTERN UNION 2KC Broadband data channel 600 W.U. 1601-A 112 
Available on Telex 
Available on W.U. 
Broadband exchange 
WESTERN UNION Class E Broadband data channel 1200 W.U. 2121-A 1 
2 ___ WESTERN UNION 8KC Broadband data channel 4800 
4 ___ WESTERN UNION 16KC Broadband data channel 9600 
WESTERN UNION 48KC Broadband data channel 28,800 ___ 12 Available on Dial-pak 
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Table 17. Common-car r ie r  se rv ice  tariffs.  
COMMON 
CARRIER 
TARIFFS* (Dollars) COMMENTS 
AT&T 
BELL 
SYSTEM 
$1.75 f irst three minutes 
0.60 each additional min. 
0.20hin. for 0-50 miles 
+om $0.175 to O.GO/min. 
lepending on areas. 
10% discount on excess if 
:harges exceed $87.50/mo. 
;I .1Olchannel-mile/month 
or half-duplex 
j1.21 for full-duplex 
; I 21  for half duplex, 
1.331 for full duplex 
1.375 for half duplex, 
1.513 for full duplex 
for 2000 miles and over 
Charges vary with 
distance, 
three minute 
minimum charge 
No 3 minute min. 
charge, fractions 
of min. are 
propor. charged. 
WESTERN 
UNION 
AT&T 
and 
WESTERN 
UNION 
Charges are 
telescopic, reduce 
to half after 250 
miles and third 
after 1.000 miles 
AT&T 
BELL 
SYSTEM 
i1.00 to $2.00/three min. 
0.25 to 0.50 each add'l. 
b0.30/three rnin. and 0.10 
min. for 2,000 mi. and over 
each add'l. min. for up to 30 mi. 
charged by time 
and distance 
3 minute min. 
charge for call. 
cost depends on 
service areas and 
the state. 
$2,30O/month for anywhere 
in USA for unlimited time. 
f 500/month for Area 1 
$6lO/rnonth for first 15 
hours, $34 each add'l. 
hour for anywhere in USA 
WATS 
unlimited 
service 
WATS 
measured 
service 
voice 
network 
3,000 bps 
voice 
network 
3,000 bps 
cost of service 
lower for indiv. 
areas, varies. 
Rates depend on 
areas, charges 
are broken down 
to tenths of 
a minute 
WESTERN 
UNION 
BEX 
Broadband 
Exchange 
2 kc/s $O.lS/minute 40% discount 
to $0.65/rnin. on excess 
of $3000 
1 4 kc/s $0.20/minute 40% discount 
to $0.75/min. on excess 
of $400 
$2.02 for half duplex 
$2.22 for full duplex 
(channel-mile/month) 
$10, $37.50, and $56. channel 
condition charges for schedule 
4A, 48, and 4C respectively 
$15/mile/month 
20/m i le/month 
25/mile/month 
45/mile/month 
rates are telescopic 
drop by approx. 
15% after 250 mi. 
and 25% after 
500 miles. 
AT&T 
and 
WESTERN 
UNION 
voice- 
grade 
leased 
lines 
TELPAK A 48 kc/s AT&T 
TELPAK B 96 kc/s 
TELPAKC 1 240kc/s 
TELPAKD I 1,00Okc/s 
'These are approximate tariffs currently available and may change. Check with your local Lommon carrier representative. 
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Transmiss ion  i tself  m a y  be synchronous o r  asynchronous. Litt le need 
be s ta ted he re  about this,  except to say  that with asynchronous t ransmiss ion  
each  cha rac t e r  o r  control code is t ransmit ted independently, thus making it 
suitable f o r  devices where cha rac t e r s  a r e  generated at i r r egu la r  intervals,  
e. g. , teletypes. However, synchronous t ransmiss ion  makes m o r e  efficient 
u se  of the t ransmiss ion  line, and thus it is capable of higher ra tes  of t r ans -  
mi s s i on. 
E r r o r  detection and correct ion can be logically divided into the two 
obvious problem a r e a s  of detecting the e r r o r  and then correct ing the data a t  
the receiving terminal .  
combinations of hardware and software. 
degree  of reliability of t ransmiss ion  can  be achieved, but one must  a l so  be 
aware  that a significant pr ice  must  be  paid f o r  increased  reliability, in t e r m s  
of e i ther  hardware o r  software overhead o r  both. 
Many schemes exis t  fo r  accomplishing this via 
Suffice i t  to s ay  that essentially any 
There  is one area associated with communications in  which substantial  
savings can be achieved - that  of multiplexing o r  concentrating. 
speaking, this technique can reduce costs  by enabling u s e r s  to t ransmi t  multiple 
data s t r e a m s  over  one telephone circui t .  
utilized to accomplish multiplexing - frequency division and t ime division. 
The frequency-division technique divides the bandwidth of the voice-grade 
c i rcu i t  into a number of nar rower  channels;  the t ime-division technique assigns 
alternating s lots  of t ime to the various channels. 
Simply 
In  general ,  two basic techniques a r e  
Techniques have besn  developed to accommodate a wide var ie ty  of remote-  
u s e r  configurations. 
same telephone-exchange a r e a ,  a l l  their te rmina ls  could be fed into a multi-  
plexer  a t  the remote  s i te  and t ransmit ted over  a single leased line to another 
multiplexer at the cent ra l  computer si te.  However, a single c i rcui t  may a l so  
s e r v e  seve ra l  c i t ies ,  with channels being dropped at each  point along the way. 
This is known as a multidrop configuration. 
special  c i rcumstances a r e  the high-speed in te rmix  and the shared  multiplexer 
at the cent ra l  site. 
F o r  instance, i f  a number of remote u s e r s  are  in  the 
Other techniques f o r  somewhat 
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3 .5  The Cent ra l  Computer 
F r o m  the nature of the computer-oriented information-management 
sys t em being considered here ,  it is possible to specify in a general  manner  
the ma jo r  fea tures  of the des i red  computer system. 
hardware selected should permit  the implementation of an interactive multi-  
programed sys t em in a straightforward and optimum manner.  
I t  is evident that the 
Multiprograming is desirable  f r o m  an economic point of view since it 
allows dynamic sharing of the available resources  among two o r  m o r e  pro-  
g rams .  
should be a ma jo r  a s s e t  fo r  the type of sys t em being considered. 
reasons f o r  specifying a n  interactive sys t em a r e  many. 
a r e  usually associated with t ime-shared  systems,  mainly because t ime 
sharing has  been emphasized by those seeking to provide interactive access  
to a computer.  The concept of interact ive computing and, consequently, 
time sharing derived its main impetus f r o m  the lack of sat isfactory debugging 
capabilities in  a batch-processing mode. Currently,  the real benefit of in te r -  
active computing is the ability to compile, debug, and run programs in  one 
continuous sess ion  at a console. 
research .  I n  fact ,  Corbato and Vyssotsky (1 965) have stated, "The availability 
of the MAC sys t em has not only changed the way problems a r e  attacked, but 
a l so  important r e s e a r c h  has been done that would not have been undertaken 
otherwise. I '  
Specifically, it permits  the overlap of computing and I/O, which 
The 
Interactive sys tems 
This has had an unexpected impact on 
The hardware should be appropriately selected as an integral  p a r t  of an 
interactive multiprogramed sys t em and should be modular a s  far  as possible. 
Future  expansion should include the possibility of multiple processors  as well 
as the upward expansion of the main  memory.  
hardware might be the following: 
Some general  features  of the 
1. One o r  m o r e  cent ra l  processing units accessing a common main 
memo ry  . 
2. Grea te r  than 100 ,000  ce l l s  of location-addressed main memory.  
5 3  
3 .  Data channels capable of being interfaced to  a wide var ie ty  of periph- 
e r a l  devices.  
4. A secondary memory  consisting of perhaps 10 million cel ls  with block 
access  t ime of the o rde r  of mill iseconds.  
5. A t e r t i a ry  memory  with block-access t ime seve ra l  o rde r s  of magni- 
tude g rea t e r  than the secondary memory  and capable of holding all planned 
files e 
6 .  Clocks and m e t e r s  f o r  measurements  on the system. 
Most la rge-sca le  sys tems today have software that e i ther  i-s supplied with 
the hardware o r  can  be obtained f r o m  the manufacturer  under a separa te  agree-  
ment.  
charac te r i s t ics ,  such as the following: 
The software suitable f o r  this specific application should have cer ta in  
1. Higher level language compilers .  
2. Dynamic debugging capabilities. 
3 .  Text-editing capabilities. 
4. 
5. Extensive file-handling capabilities. 
6.  
Ability to communicate with a var ie ty  of remote devices. 
Tutor ia l  routines to instruct  u se r s  on the use  of the system. 
7. An efficient and sophisticated superv isor  program. 
In  general ,  the f i r s t  th ree  i tems  should be standard,  usable as supplied 
by the main  vendor. 
make the package supplied by the manufacturer m o r e  general .  
Internal development may  be required on the fourth to 
I t em 5 may requi re  the mos t  attention s ince files represent  the ma jo r  
reason f o r  the sys t em ' s  existence. 
and names should be identifiable symbolically, both externally and internally. 
The handling routine must  be able to locate f i les  in  a minimum of time and 
update f i les  readily s o  that they a r e  easily found and extracted.  
of information mus t  be reasonably high, and most  importantly, it mus t  
The file s t ruc ture  mus t  be random-access  
The packing 
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possess  an  efficient f i le-addressing scheme (i. e . ,  the transformation f r o m  a 
symbolic f i le  name into an  address  on some mass s torage device). 
I t em 6 should be prepared by the implementers  of the total sys t em and 
should reflect  simplicity throughout, as should the commands these routines 
descr ibe.  
To a la rge  extent, the satisfactory performance of the overal l  sys t em 
will depend upon the ski l l  with which i t e m  7, the superv isor  program, has 
been implemented. 
ware  manufacturer .  
information in  relocatable f o r m  until execution t ime ( ra ther  than load t ime),  
s o  that i t  does not ma t t e r  where in  the co re  a segment is loaded; the super -  
v i sor  must  be able  to handle multilevel interrupts ,  dynamic scheduling, 
and allocation of pr ior i t ies .  
and diminish in  a probabilistic manner  and to handle overloads while allocating 
r e sources  in  such a way that the sys t em does not come to a halt. 
but mos t  importantly, the superv isor  program must  be highly reliable,  fo r  
everything depends on its efficient and faithful operation. 
In  general ,  these routines will be supplied by the hard-  
The supervisor  program must  be capable of keeping 
It must  be able to handle queues that will grow 
Finally, 
3 . 6  Protect ion of Information 
Special problems concerning protection of information a r i s e  when a 
computerized information sys tem serv ices  a large community of u se r s ,  many 
of whom may  be using the sys tem simultaneously. 
associated with the sharing of data and processes  as well as problems ar is ing 
because groups of u s e r s  may be working on cooperative efforts.  While i t  may 
be t rue  that "privacy of information" may not be a n  i ssue  here ,  since there  
should be no r ea l  conflict with respect  to u s e r s '  goals, protection is still 
highly desirable  f o r  s eve ra l  reasons:  
There  will be problems 
1.  Protect ion of processes  limits the propagation of e r r o r s  throughout 
the sys t em while a u s e r  is debugging o r  utilizing what was thought to be a 
debugged process .  
2, Protect ion of information is necessary  to prevent inadvertent (or  
malicious) changes o r  updating by improper  authorit ies.  This is quite neces-  
s a r y  f o r  reliable operation and reproducibility of resul ts  when identical tasks  
a r e  being performed. 
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3.  Protect ion is necessary  f o r  allocation of resources  and usage records  
in o r d e r  to ensure  proper  charging to use r s .  
In  general ,  it is probably safe  to say  that fo r  efficient operation of a la rge  
sys tem,  hardware must  bea r  some of the responsibility f o r  protection. 
solution in  the past  has been to provide a mode switch that enables processes  
to run in a mas te r - s l ave  environment with cer ta in  instructions inaccessible 
to processes  running in  the slave mode. 1/0 instructions usually fall within 
this c lass .  This mode switch has been utilized in conjunction with memory-  
bounds reg is te rs ,  which l imit  the address  space in working co re  f o r  a proc-  
e s s .  
outside of which the specific process  (operating in slave mode) cannot access .  
This implementation has one distinct disadvantage: If  a process  has access  
to information, the access  is unrestr ic ted.  It may  read, wri te ,  o r  execute; 
t he re  is no distinction among a var ie ty  of access  privileges o r  capabilities. 
One 
That is ,  these r eg i s t e r s  delineate a specific block of c o r e  locations 
Many modern machines have been designed to accommodate a var ie ty  of 
A variety of access  rights,  a c c e s s  switches on physical memory  segments.  
such as read, write,  o r  execute, o r  a combination of these,  can be specified 
on a par t icular  physical segment.  
t i cu la r  segment, he has the same access  rights as any other  vser with access  
to the s a m e  segment.  
where many u s e r s  may want to use  the data o r  process  but only a limited num- 
b e r  of u s e r s  should have the ability to modify o r  update the information. 
However, i f  a u s e r  has access  to a par -  
This is not sat isfactory f o r  the c a s e  of shared segments,  
This 
has led to the implementation on the most  advanced machines of access  rights 
based on logical segments,  allowing different access  rights to different u s e r s  
on the same physical segment. 
u s e r )  can be assigned the proper  access  rights to the proper  information seg-  
ments  f o r  a specific task.  
a l s o  specify those access  privileges that he is willing to  grant  other u se r s .  
Thus, a u s e r  (or  process  being utilized by a 
A u s e r  who c rea t e s  a process  o r  data  segment m a y  
One par t icular  point should be emphasized. Our own experience has  
indicated that i t  is absolutely necessary  that there  be one person who is 
administratively and totally responsible fo r  updating the data base.  He must  
be informed of and verify a l l  updates (to s e e  that they have been implemented 
cor rec t ly  and on schedule) and must  speedily dispatch all relevant information. 
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Finally, since malfunctions must  be anticipated, the facil i ty mus t  provide 
backup s torage fo r  all important f i les  and segments.  
mented s o  that the sys t em can be reinitialized regard less  of the malfunction. 
This should be  imple- 
3.7 Economic Considerations 
In the preceeding, we have outlined some of the considerations f o r  
building an information-processing sys t em that will provide maximum useful- 
ness  to the ear th-physics  scientific community. 
has been implicitly s t r e s s e d  and should now be made explicit is the des i r e  fo r  
modularity. 
considered the four  basic  components of the sys t em - terminals ,  multiplexers,  
p rocessors ,  and s torage.  
functioning i n  paral le l  is inherently m o r e  reliable than a large "kludge, 
even operating a t  a degraded level, such a sys t em can s t i l l  give par t ia l  se rv ice .  
Modularity allows a sys t em to be built up o r  cut back a t  any o r  all levels, as 
a resul t  of changing requirements ,  costs ,  se rv ices ,  etc.  
One of the key themes that 
- 
Figure  4 graphically displays this concept and what should be 
A large sys t em built f r o m  relatively simple modules 
and 
In Table 18 we have summar ized  the cos ts  of a sys tem at the 100-terminal  
It s e e m s  reasonable to consider  a sys t em capable of this capacity to level. 
determine the total  feasibil i ty and acceptability of such a center  as EPIMS. 
This number seems  valid when the total number of potential u s e r s  is con- 
s idered,  a number that could easily range to three  o r  four  thousand. 
every  university o r  college conducting a program in ea r th  physics is a likely 
use r ,  a t  a minimal  cos t  of $1,000 to $2 ,000  a yea r  fo r  equipment. 
range of operational costs ,  between $117,000 and $152,000 per  month, is 
consistent with a summary  of typical sys tems of different s izes  presented in 
the  Computer Industry Annual 1969-70 ( see  Table 19). 
to an average monthly expense once a reasonable s ta te  of operation has been 
attained. 
approximately a yea r  to 18 months to develop into a 100-terminal system. 
Virtually 
The 
These costs  refer 
We anticipate that such a major information center  would require  
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Table 18. Expected annual operating expenses 
for  EPIMS at the 100-terminal level, 
Equipment  P u r c h a s e  P r i c e  Monthly Rental  P r i c e  
A. C e n t r a l  C o m p u t e r  - f ea tu r ing  $2,000,000 - 2,500,000 $40,000 - 50,000 
mul t ip rocess ing ,  m u l t i p r o g r a m -  
ming,  l a r g e  m e m o r y  f o r  mul t i -  
funct ion sc i en t i f i c  i n t e rac t ive  (100 
t e r m i n a l )  and ba tch - job  m i x  
2 l a r g e  posi t ionable-head d i sks ,  500,000 - 700,000 5,000 - 9,000 
B. S t o r a g e  S y s t e m  On-Line  
m u l t i a c c e s s  c h  nne l s ,  approxi-  
m a t e l y  1. 5 X lo4 bi ts  s t o r a g e  
t o  handle  1 / 0  queue 
1 d rum-un i t ,  f a s t - a c c e s s  device,  150,000 - 300,000 3,000 - 5,000 
5 o r  6 t ape  d r i v e s  15U, UUU - 300,000 3,000 - 5,000 
C .  P e r i p h e r a l  Devices  - c a r d  200 ,000  - 300,000 4,000 - 5,000 
r e a d e r s ,  p r i n t e r s ,  c o n t r o l l e r s ,  
e tc .  
D. Communica t ions  Equipment  - 150,000 - 200,000 4,000 - 5,000 
including m u l t i p l e x e r s  and 
c o n t r o l l e r s  a t  t h e  c o m p u t e r  
c e n t e r  
E.  T e I m i n a l s  
50". i nqu i ry  - r e s p o n s  e 
2 m u l t i p l e x e r s  
75,000 - 350,000 5,000 - 17,500 
250,000 - 275,000 7,000 - 8,000 
F. Misce l l aneous  Equipment  - 50,000 - 60,000 1 ,000-  1,500 
t ape  c l e a h e r ,  s t o r a g e  f i l e s ,  
data-handl ing devices ,  e t c .  
Range:  $3,525,000 - 4,985,000 $72, 000 - 107, 000 
Y e a r l y  Rental :  $864, 000 - 1,284, 000 
ADDITIONAL COSTS 
P e r s o n n e l  Compensa t ion  
M a n a g e r  
Discipl ine R e s e a r c h e r s  @ $17,000 
Applicat ions P r o g r a m e r s  @ $13,000 
S y s t e m s  -Development  P r o g r a m e r s  
Keypunch O p e r a t o r s  
In fo rma t ion  R e s e a r c h  Spec ia l i s t s  
S e c r e t a r y  
C o m p u t e r  O p e r a t o r s  (2 s h i f t s )  
@ $15,000 
$25,000 
85,000 
39,000 
45,000 
11 ,000  
24,000 
6,000 
40,000 
$285,000 
P e r s o n n e l  Benefi ts  @ 10% 28,000 
T r a v e  1 12,000 
F a c i l i t i e s  - Space,  Uti l i t ies ,  A / C ,  e t c .  45,000 
Supplies  30,000 
Equipment  Main tenance  ( a v e r a g e  f o r  equipment  s chedu le  above)  145,000 
T O T A L  COSTJYEAR $1,409,000 - 1,829,000 
*It is a s s u m e d  that  a n u m b e r  of u s e r s  a l r e a d y  have t e r m i n a l s  and tha t  only 50 
t e r m i n a l s  would be obtained th rough  the cen te r .  
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Table 19. Monthly sys t em cos ts .  
20 lines 50 lines 100 l ines 
Computer  center  $ 8,800 $22,000 $ 41,000 
C ommunic ati ons facilities 5,900 29,000 46,000 
Terminals  1, 500 5,000 10,000 
Development (3 6 -month 3,300 9,000 17,000 
wri te  off) 
Operation and maintenance 5,500 11 ,000  22,000 
Total  $25,000 $76,000 $136,000 
Growth beyond this s i z e  mus t  be  evaluated i n  terms of u s e r  acceptance 
and economic considerations.  It will be  necessa ry  to  establish pr ices  of the 
se rv ices  offered by EPIMS, but the principal emphasis  during the ea r ly  s tages  
of development should not be directed at achieving a self-supporting level at 
the expense of developing a worthwhile service.  
101-15 
DATA BASE STORAGE 
TERM1 NALS 
Figure  5. Typical sys t em configuration. 
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4. CONCLUSION AND RECOMMENDATIONS 
After  reviewing the information bases  and processes  available to the 
earth-physics disciplines and the data-processing technology in existence 
today, we conclude that an earth-physics information-management se rv ice  
is both desirable  and feasible.  Fu r the r ,  we feel that the potential benefits 
to both the general  and the specialized u s e r  of earth-physics information 
would be considerable.  
can be met ,  we recommend the following: 
However, to ensure  that the potential is there  and 
1 a That a survey be conducted of a) data bases  available, b) data 
processes  available, and c )  u s e r  in te res t  and mode of operation. In  Tables 
20 and 21 we have mocked up sample survey sheets  on the data bases  and 
processes .  
to solicit  both attitudes and information about cur ren t  facil i t ies that a given 
u s e r  might have f o r  utilizing such a center .  
sent  the academic,  government, and r e s e a r c h  communities,  
The third survey would be of a question-and-answer type designed 
The surveyed u s e r s  would r ep re -  
2. That a pilot operation of an  earth-physics information-management 
se rv i ce  be developed a t  a location where a diversity of earth-physics r e sea rch  
talent and data-processing capabilities a l ready  exist .  We recommend that the 
scope of this operation be  no g rea t e r  than the range anticipated in  Table 18. 
The initial data  bases  and processes  provided would be those indicated in  this 
study . 
3 .  That both the above projects be implemented in parallel ,  since the 
resu l t s  of the survey could considerably augment the EPIMS data base but 
could s t i l l  be inconclusive i n  t e r m s  of u s e r  attitude, which will develop with 
experience. Hence, we believe that actual  operation of such a center  will be 
the ultimate t e s t  of this concept. 
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T a b l e  20. 
EARTH- PHYSICS DATA-~NAGEMENT SURVEY 
NAME 
ADDRESS 
DATA BASE SHEET 
lNAME I SmLthonian &;tttaphy&cat Ubb ematany 
6 0  Gatrden %e& 
Cambhidge, Ma64 e 02 I36 
NAME OF DATA BASE 
ORIGINATING ORGANIZATION I D I S T R I  BUT1 NG ORGAN IZATION 
REMARKS AND REFERENCES 
F ILLED OUT BY DATE: 
ORGANIZATION 
ADDRESS 
NAME 
f o m  v m i o n b  06 ;the C W o g  e h ; t  on magnu% ;tap 
ah w& acl ;the ~ o w t - v o h n e  pfiivLted v m h n  and a 
camuponding bef: 0 5  I 5 2  bXah cham2 at a d c d e  06 
12091imm, 
IADDRESS I 
CONTACT I Mu. K .  tfatramundania ICONTACT I 
Same 
PRINCIPAL F I E L D  (p lease check one) I GEOMETRICAL GEODESY 0 
GEOPOTENTIAL 0 POSITIONAL ASTRONOMY @ EARTH KINETICS 0 
IONOSPHERIC STUDIES 0 MAGNETIC F IELD STUDIES INSTRUMENTS 0 
GEOLOGY 0 OCEANOGRAPHY 0 ATMOSPHERIC STUDIES 0 
TIME & FREQUENCY 0 OBSERVING STATIONS 0 OTHER 
RECORD CHARACTERISTICS 
F IELD LENGTH UNITS 
A. Magdude, pho;to and v h u d  
S;tandatLd d e v W o m  ((J,(S' 1 06 a2 
and 6 2  
TOTAL NUMBER OF RECORDS 256.997 
RECORD NAME I S;tm 
F I E L D  LENGTH UNITS 
F. Mean epoch ;t2 and ;ti 06 ohigind 
G. Ann& phOpcstL mofion don a and 6 
H. Skandattd d e v W o n  06 P and 1.1' 
a 66 cstLva;tioM 
( P  and P ' )  
I. S p e W  ;type 
J ,  Soutrce W o g  data 
TOTAL CHARACTERS/RECORD 6 0  
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T a b l e  21  e 
EARTH-PHYSICS DATA-MANAGEMENT SURVEY 
DATA PROCESS SHEET 
NAME OF DATA PROCESS 
~ - -~ - ~~ ~ 
Mod& AZmobphme 
PURPOSE OF DATA PROCESS 
STATUS PROPOSED o I N  PROCESSD OPERATIONAL @ 
DATES ORIGINAL ~ ~ h O r n n  CURRENT VER. 
UPDATE FREQUENCY None 
PROGRAM CHARACTER1 STICS 
To phovide atmob h d q  phebbune, 
RempenaXwe,, an d e m d y  ad a junc- 
;tian ~cheme used .to ind ;the 
hequaked pcui.am&m b A een ;two 
bRohed vaLuenn, 
d" 
;tion oj m u d e .  G n e m  i&mpoh- 
A. INPUT PARAMETERS 
B. OUTPUT PARAMETERS 
C. COMPUTER IMPLEMENTED ON 
D. CORE STORAGE 
E. TIME ESTIMATE 
F. LANGUAGE 
G. NUMBER OF STATEMENTS 
ORIGINATING ORGANIZATION D I S T R I  BUT ING ORGANIZATION 
ARtikU.de 
phe36wLe, ZempWu4e, demLty 
?EM 7 0 9 4  
14K Roc. 
A. ELAPSED 20 aecI100 W u d e n  
B. CENTRAL PROCESSOR 
FORTRAN 7 V  97% map 3% 
2775 
NAME 
ADDRESS 
CONTACT 
NaMh h&can Rachwc&L cohp. NAME Compu;tm SojAwatre Management and 
Canoga Partk, ca-&jOhnia In~orunct;tion Cedm (COSVZC 1 
ADDRESS Battrtow Halt 
CONTACT 
U ~ v m ~ y  04 Geohgia 
A;thenh, Geohgiu 
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PRINCIPAL F I E L D  (p lease check one) GEOMETRICAL GEODESY 0 
PROGRAM NAME RtmoaphetLic Table fook-Up 
REMARKS AND REFERENCES 
F ILLED OUT BY DATE: 
NAME 
ORGANIZATION 
ADDRESS 
TabLen jhom Pcrknick A. F .  Bm e Rejmence AXmohphme 
(0 i o  155,000 jR.1 and ARVC Mod& &Obpketre, 1959 
( 1 5 5 , 0 0 0  ;to 6 2 6 , 0 0 0  5 R . ) .  100 W u d G  maximum 
inpwt, OpXLon exin& Ro p ~ n t  - ablae Phintou.t 
i n  m&c oh Bhi;tinh 6 y b ~ e M  a j  u r n .  
x 
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